Background: the European Stroke Database (ESDB) Project aims to develop a 'common clinical language' for stroke care by agreeing on terminology, definitions and clinical assessments. Each area of stroke assessment has a 'minimum dataset', which can be collected routinely and more detailed information can be added for particular studies. Measurement of patients' functional status at discharge is essential for assessing the impact of hospital care, but even simple activities of daily living scales like the Barthel index may not be easy to use routinely on busy acute units. We thus aimed to further simplify the 20-point Barthel index by reducing it to a few key items. Methods: we initially analysed data on 169 consecutive stroke patients discharged from one British hospital and found that a simple formula involving the combined subscores for urinary continence (Blad), bed-chair transfers (Trans) and indoor mobility (Mob)-(Blad + Trans + Mob) x 2.39 + 0.14-predicted the total BI score to within 1 point in 79% and to within 2 points in 95% of cases. We then tested this three-item Barthel index (BI3) in four different stroke datasets (total n -824). Results: the predictions were accurate to ±1 point in 72-81% and to ±2 points in 88-97% of cases, and BI3 accounted for 95% of the variance in total Barthel score. It was more accurate in patients without obvious mental impairment. Conclusions: for studies involving large groups of stroke patients, it is sufficient to know about each patient's continence, transfers and indoor mobility at discharge, in order to estimate the total Barthel score. These measures have therefore been incorporated, together with a simple observational measure of cognitive status, into the database minimum dataset for short-term functional outcome and are now being validated in international studies.
Introduction
Progress in evaluating and improving stroke care has been severely hampered by a lack of standardization in clinical assessments and outcome measures, making it very difficult to pool or compare data from different studies. There is also an urgent need for a standard 'minimum dataset' for stroke care, to be used in routine clinical practice and audit.
The European Stroke Database (ESDB) Project [1] aims to address this issue by developing a 'common clinical language' and assessment framework for all aspects of stroke care. The database has a modular, hierarchical structure, with each area of stroke assessment having a standard simple dataset, designed to be collected routinely, to which more detailed information can be added for particular studies. The ESDB will provide a range of data modules which can be used in any study, from prevention through acute care to rehabilitation, both in hospital and in the community.
Of the many published instruments for measuring disability after a stroke [2, 3] , the Barthel index [4] is probably the most -widely used. Originally developed as a direct test of performance in basic activities of daily living (ADL) to be carried out by occupational therapists, it was modified for use as an informal assessment of behaviour-what patients do in practice rather than what they can or might do under test conditions [5, 6] .
The reliability and validity of the modified Barthel index have been well established [6] [7] [8] and its simplicity and flexibility have encouraged its widespread use in studies of stroke and other disabling conditions [9] . It was considered the 'best buy' when compared with two other popular ADL indices [10] and has been recommended as a universal standard measure of physical disability [11] .
A joint working group of the British Geriatrics Society and the Royal College of Physicians [12] endorsed this recommendation, and the routine use of the Barthel index in assessing the progress of patients on elderly care [13] and rehabilitation units [14] has been claimed to enhance communication within the multidisciplinary team and to improve the efficiency of care.
One of the many extensions of the Barthel index, the Functional Independence Measure, has been incorporated into the Uniform Data System for Medical Rehabilitation, a standard computeri2ed system which is amassing huge quantities of routine data on patients in rehabilitation units in the USA and elsewhere [15] . Since the ESDB system is designed to cater for acute medical and neurology units, where routine data collection is more difficult, the basic Barthel index has been adopted as the standard, although extended forms such as the Functional Independence Measure can be used if necessary.
Measurement of the functional status of patients at the time of discharge is essential for assessing the impact of hospital care and interpreting information on length of stay. It should therefore be a key part of any hospital-based stroke study, but there are a number of practical difficulties in making such measurements routinely, hi busy acute units, even the 2-3 min needed for clinical staff to record an informal Barthel assessment [6] may be excessive, and clerical or audit staff may not be visiting the ward on the day of discharge. There is thus a need for an even simpler functional rating using information which can easily be remembered by clinical staff for a few days after the patient has left the ward.
The aim of the present study was to see whether the Barthel index could be further simplified without significant loss in its information content. We therefore set out to examine whether the total Barthel score could be reliably 'predicted' from a combination of a few key items.
Methods
Throughout the study period a register was kept of all adults admitted to the Royal Liverpool University Hospital with a clinical diagnosis of acute stroke (World Health Organisation definition). Functional assessments were performed informally by interview with ward staff, using the items of the Barthel index, at regular intervals after the stroke and within 48 h of discharge from hospital. Scores were based on what patients actually did on the ward, rather than on what it was thought they could do [6] . Data from this register were used as a 'training set' to develop the linear regression models.
The Barthel ADL index comprises 10 basic daily living activities ( Table 1 ). The scores on each item range between 0 and 3 points, giving a maximum total Barthel score of 20 points. The analysis proceeded in three stages.
Stage I
Linear regression analysis was first used to 'predict' the total score from the scores on each individual item in turn:
where Pred(tot) = predicted total Barthel score, x = score on individual item, b = slope of regression line and c = constant.
The correlation coefficient (K) is also calculated from the simple regression analysis and the square of this value (if 2 ) indicates the proportion of the variance in the total Barthel scores accounted for by each item.
The 'accuracy' of the regression formulae was also assessed in terms of the proportion of 'predicted' scores falling within ± 1 and ± 2 points of the actual total Barthel score.
Stage 2
We then selected combinations of three or four items with the best 'predictive' power (where possible avoiding items which were strongly interrelated), to see if the total score could be estimated with greater accuracy. Analysis was performed both by simple regression using the sum of the three or four items: Pred(tot) = blX + b2Y + b3Z + c
We also tested an approximate version of the simple regression formula, which could be easily remembered and worked out without a calculator.
We then subtracted the predicted from the actual total Barthel scores and noted the proportion of cases in which the two lay within 1 or 2 points of each other.
Stage 3
The next stage was to test the accuracy of these formulae on different and independent 'test datasets'. These included a further series of patients from the Liverpool stroke register (data collected by a different investigator) and several sets of informal Barthel assessments carried out on patients taking part in a large trial of nimodipine in acute stroke (the TRUST trial [16] ). The accuracy of the regression formulae in patients with low (0-10), middle (11) (12) (13) (14) (15) (16) ) and high (17) (18) (19) (20) total Barthel scores, was assessed separately. The influence of the patient's cognitive status on the accuracy of the predictive models was also investigated. Cognitive function was assessed at the time of discharge on a three-point behavioural scale (normal/ vague or forgetful with mild effect on behaviour/ confused and unsafe to be left alone for long periods) and the latter two categories were combined for the purpose of this analysis. Direct formal assessment using a standardized mental test score on the day of discharge would have been logistically impracticable and reliable results could not have been obtained from dysphasic patients.
Results
The 'training data set' contained 169 Barthel assessments performed at discharge from hospital. The accuracy of using regression equations for single Barthel items to predict the total Barthel score [BI(tot)] is shown in Table 2 . For the different items, the proportion of cases in which the predicted score [Pred(tot)] was within ±1 point of the actual total Bl(tot) varied between 19 and 68%, and predictions were accurate to •within ±2 points in between 24 and 81% of cases. For instance, the simple regression formula for the single item bed/chair transfers predicted BI(tot) correctly to within ± 1 point in 67% of the cases and to within ±2 points in 81% of the cases. This regression formula 'explained' 86% of the variance in BI(tot), but only when used with the dataset from which it was derived.
Stage 2
Among the many combinations of items that were tested, one of the best proved to be bladder function, bed/chair transfers and mobility. This one was selected as having good face validity in representing the main components of the Barthel index and because the information was likely to be remembered by ward staff. Table 3 shows three different formulae derived from simple and multiple regression analysis involving these items. Table 4 shows the accuracy of the three formulae in Table 3 in predicting the total score and of the equivalent formulae for another good combination of items (toilet transfers, bed/chair transfers and dressing). Several combinations of four items were also tried, but none did significandy better dian the original three.
Stage 3
The formulae were then tested in a second set of discharge Barthel assessments on another series of stroke patients, from the same hospital but performed by a different investigator. Table 5 shows that the accuracy was lower than in the original dataset, but that all three formulae were able to predict the total Barthel score to within 2 points in around 90% of cases.
As a more stringent test, the formulae were then applied to the TRUST trial data. These Barthel assessments were made 1 week, 3 weeks and 6 mondis after stroke by many different observers from different professions in 17 different hospitals. Specific guidelines on how to assess the Barthel index were not Table 3 .
'Predictive' formulae [Pred(tot)] involving the Barthel index's 'three best items'
Simple formula Pred(tot) = 2.39 x S3 + 0.14 'Easy-to-remember' formula Pred(tot) = 2.5 x S3 Multiple regression formula (MV3) Pred(tot) = 2.4 x Bladder + 2.06 x Transfers + 2.59xMobility + 0.36 Bladder, bladder control; Transfers, bed-to-chair transfers. S3 = Bladder + Transfers + Mobility. issued, although all assessors used the same basic approach, collecting information from ward staff and carers. Since some centres recruited many more patients than others, the TRUST trial data were (arbitrarily) split into three roughly equal groups so that variation in the accuracy of the formulae between centres could be examined. Table 6 shows the range of proportions in which the Pred(tot) was within ± 1 and ±2 points of the actual score, for the three assessment periods.
Even with these diverse datasets, collected by many different investigators in different settings, all three formulae predicted BI(tot) to within ±2 points in well over 80% of cases (and in 93% for the simple regression formula). On the other hand, in one of the 10 sets of data (the initial test dataset; Table 5 ), the simplified, easy-to-remember formula was only accurate to within ± 1 point in 44% of cases (although even in this dataset the other two formulae did much better).
Overall the simple regression formula performed best when tested with new data, though it tended to be Table 5 . Accuracy of the Barthel index 'three best item' formulae in the first test data set; n = 120, Barthel assessments at discharge % Accurate to within 2.39 x S3*+ 0.14 2. •Three subsets ^ = 190, n 2 = 239, « 3 = 215. "Three subsets n, = l66, n 2 =192, n 3 = l68.
less accurate in the middle range of Barthel scores (11-16), Bl(tot) being predicted to within ±2 points in only 75% of this group. All three formulae worked significantly less well in patients with evidence of cognitive impairment at the time of discharge (Table 7) . hi such patients the simple regression formula was correct to within ± 1 point in only 43% and to within ±2 points in 68% of cases. Data on cognitive status were not available in the TRUST trial.
Discussion
The Barthel index, in its modified forms [5, 6] , has become the most widely used functional measure in stroke studies in both America and Europe. It has been used in trials of acute stroke treatment [16, 17] , rehabilitation [18, 19] and service organization [20, 21] 
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to detect differences in outcome between groups, as well as for assessing the burden of disability in stroke survivors in community studies in Europe [22, 23] , North America [24] , Japan [24] , Africa [25] , South East Asia [26, 27] and Australia [28] .
The modified Barthel is an assessment of behaviour and thus relies on a suitable informant who has observed the subject over a period of time. On the other hand, if such a person can be found, the assessment is simple and quick to perform and requires no special expertise. It has been shown to be reliable with different observers [29] in a wide variety of situations, including telephone and postal assessment [30, 31] and it is a valid measure of physical disability [8, 11] .
For these and other reasons, the Barthel index has clearly become part of the 'common clinical language' of stroke care and it has therefore been adopted by consensus as the standard measure of disability for the ESDB.
Despite this, it has several limitations, including the well-known 'floor' and 'ceiling' effects, which reduce its ability to detect changes in function in some patients during the early and late stages of recovery, respectively. The former effect limits its value in routine clinical practice as a means of monitoring progress in individual patients, and several attempts have been made to add extra items to the standard Barthel to improve its sensitivity. Some of these extended versions are unsatisfactory, however, as they mix different domains of measurement and apparent gains in sensitivity are often balanced by a loss in reliability [32] . The relative lack of sensitivity to change in individual patients is rarely a problem in group studies, however.
The 'ceiling effect' can be a disadvantage in community studies, where the range of the Barthel index is limited in comparison with 'instrumental' ADL scales [33] or more comprehensive measures such as the OPCS disability scale [34, 35] . On the other hand, the range of sensitivity of the Barthel is well suited to assessing patients at the time they leave hospital.
In this situation speed and simplicity are of the essence. Since the exact day of discharge is often difficult to predict, a detailed assessment may be impractical and indeed information may have to be obtained from ward staff (or from a relative) over the telephone, a few days after the patient has gone home. Thus, an assessment consisting of a small number of easily remembered items, such as mobility and continence, has major advantages, as has now been confirmed in several studies where the information has been collected by telephone.
If the items of the Barthel index are simply rated as 'pass' or 'fail', they have been shown to have a consistent order of difficulty for stroke patients [36] . Thus, the Barthel can be reduced to a 10-point hierarchical scale and the scoring can be done quickly as only the activities close to the 'pass/fail boundary' need be assessed [36] . This simplified version still requires more information than the one described in this paper, however, and the hierarchical score is less easy to convert to an estimate of the standard total Barthel score.
One theoretical objection to the regression analysis shown above is that it assumes that the ADL scores form an equal-interval scale, whereas in practice the level of measurement is probably ordinal at best. Thus the correlation coefficients, variance estimates and other statistics used above are difficult to interpret. In practice, though, it is not the theoretical basis of the model that matters, but the feet that it is able to predict the standard total Barthel score to within ± 2 points in around 90% of cases.
Factor analysis has suggested that in some situations the items of the Barthel index may split into more tfian one 'principal component' [37] . If this is the case then it is questionable whether the Barthel can even be treated as an ordinal scale, so that the total score' has little meaning. Fortunately, both factor analysis [37] and Guttman scalogram analysis [36] indicate that in stroke patients the scores do form an ordinal hierarchy. This does mean, however, that the results above should not be applied outside the stroke situation, while Table  7 suggests that even with stroke patients the scores should be treated with caution in those with cognitive impairment.
If we accept the standard Barthel score as part of the common clinical language for stroke, we can therefore recommend the shortened three-item version as a quick, useful assessment to be done at the time of discharge from hospital. It is clinically useful in that it draws attention to aspects of functional recovery, such as continence, of which clinicians may be insufneiendy aware [38] . Since the shortened version is designed to predict the total Barthel score, separate validation studies are not needed.
Nevertheless the 'predicted' scores may occasionally be misleading in individual cases, especially in those in the middle range of functional ability and in those with cognitive impairment. Thus, the main value of the three-item discharge Barthel index will undoubtedly be in large group studies. It provides a fairly accurate estimate of the standard Barthel score, which can be compared with estimates of the patient's functional status before and soon after the stroke, giving a good indication of the impact of hospital care. Along with the 'discharge destination', this information can be used to qualify the crude data on 'length of stay' which are often used inappropriately to make comparisons between hospitals [39]. We recommend the three-item discharge Barthel index as a simple and practical measure of functional ability at the time of discharge from hospital, which should be part of the 'standard minimum dataset' for stroke care.
Key points
• The 20-point Barthel index has become the standard measure of functional ability for inpatient rehabilitation in Britain and most of Europe. It has become part of the 'common clinical language' for stroke care.
• Information on functional status at discharge is essential for interpreting length-of-stay figures and assessing rehabilitation practice.
• On busy acute units, it may be impractical to do a full Barthel assessment at discharge. • A simple formula (the BI3), based on three items (transfers, walking, bladder control), predicts the total Barthel score to within ±2 points in around 90% of cases.
• The BI3 is a useful alternative to the full Barthel score for assessing function at discharge from hospital. It has only been validated in stroke patients and is most appropriate for large group studies.
